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Abstract
We believe that the quantum 4-dimensional Minkowski space-time with the force-
fields gauge-group structure SUc(3) × SUL(2) × U(1) × SUf (3) built-in from the very
beginning is the background for everything. Thus, the self-repulsive, but ”related”,
complex scalar fields Φ(1, 2) (the Standard-Model Higgs), Φ(3, 1) (the purely family
Higgs), and Φ(3, 2) (the mixed family Higgs), with the first family label and the second
SUL(2) label, co-exist such that they generate all the masses if, and only if, necessary.
Note that the ”ignition” channel is on the elusive Φ(3, 1) channel, yielding the prediction
that the Standard-Model (SM) Higgs mass mSM is half of the SM vacuum expectation
value v. Before the ”ignition”, there is no mass terms, including the Higgs, the quarks,
and the leptons. Apart from the ”ignition” term, all the couplings are dimensionless
and thus the theory is determined by the quantum 4-dimensional Minkowski space-time.
The multi-GeV or sub-sub-fermi SUf (3) family gauge fields protect the lepton world
from the QED Landau ghost and make them asymptotically free. We try to discuss
different ways to deal with infinities (ultraviolet divergences) for the resultant Standard
Model (as the consistent and complete theory).
PACS Indices: 12.60.-i (Models beyond the standard model); 98.80.Bp (Origin and
formation of the Universe); 12.10.-g (Unified field theories and models).
1 Prelude
The late Professor Henry Primakoff, my Ph.D. advisor, spoke at his 60th Birthday Sym-
posium, beginning with the question, ”Why is our space three-dimensional? Why our time
one-dimensional?” In the late 1970’s, I did not know the answer and even did not know this
would be a meaningful question. I bet that Henry knew part of the answers except that he
did not tell the other people.
Until these years (when I reached 60’s and when there is no more pressure for the
publications), I recognized that in fact these are deep meaningful questions. We attempt to
describe the point-like particles by the complex scalar fields, the Dirac fields, and the force-
fields gauge fields - there are a lot of mysteries (magics) happening with the 4-dimensional
Minkowski space-time. In the 4-dimension, the complex scalar field is naturally born with
the self-repulsive interaction, λ(φ†φ)2 with positive λ determined by the 4-dimensional
Minkowski space-time (not by the field φ itself). Thus, the complex scalar fields are called
for as the Higgs fields for the force-fields gauge fields.
1Correspondence Author; Email: wyhwang@phys.ntu.edu.tw; an overhauled version of arXiv:1301.6464v6
[hep-ph] 28 July 2014.
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The Dirac fields, such as for the electrons, stems from the linearization of the Einstein
relations, E2 = ~p 2 + m2. It calls for the two components of the spin, in addition to the
existence of the antiparticle. Again, the 4-dimensional Minkowski space-time is the origin
of the spin, and also the origin of the antiparticle.
Thus, first of all, we stress that we live in the quantum 4-dimensional Minkowski space-
time. In this 4-dimensional Minkowski space-time, a complex scalar field φ(x) cannot exist
by itself, since the self-repulsive interaction λ(φ†φ)2 is born with it. This self-repulsive inter-
action exists because of the 4-dimensional Minkowski space-time, independent of the field
φ(x) itself. This is a magic for the 4-dimensional Minkowski space-time. λ is dimensionless
(and equals to 18) in this 4-dimensional Minkowski space-time.
So, we live in the (quantum) 4-dimensional Minkowski space-time with the force-fields
group SUc(3)×SUL(2)×U(1)×SUf (3) gauge-group structure built-in from the very begin-
ning [1]. The complex scalar (Higgs) fields now exist in pairs: Φ(1, 2) (SM Higgs), Φ(3, 2)
(mixed family Higgs), and Φ(3, 1) (purely family Higgs) jointly to make weak bosons W±,
Z0 and the family bosons massive. This is the ”background” of our world.
The quark world and, separately, the lepton world are accepted by the ”background” of
our world [1]. They all come from Dirac’s linearization of the Einstein relation E2 = ~p 2+m2.
The size of the quark world is typically (1 fermi)3, while that of the lepton world of the
atom size (∼ (10−8cm)3).
This is basically the rationale of ”our world” - the building blocks of everything. Those
things exist and can be felt by us, and the rest does not exist.
Thus, we are eventually coming to the following global picture [1]: Our world is basi-
cally the quantum 4-dimensional Minkowski space-time with the force-fields gauge-group
structure SUc(3)×SUL(2)×U(1)×SUf (3) built-in from the outset. This offers the ”back-
ground” which accepts the quark world in view of its (123) symmetry and also accepts the
lepton world of another (123) symmetry. The quark world has the characteristics with the
length scale so much different from those of the lepton world - so, the acceptance story by
the ”background” is also different.
We emphasize that the quark world is accepted by the ”background” in view of its
(123) symmetry (i.e., under SUc(3) × SUL(2) × U(1)). It is well-behaved when the energy
is very large, or Q2 → ∞, or when the distance between two quarks is very small, or
r → 0. We propose that the lepton world is protected by another (123) symmetry (i.e.,
under SUL(2)× U(1) × SUf (3)) - so, well-behaved as Q2 →∞, or r → 0.
In fact, we try to regard ”the quark world” or ”the lepton world” not just as ”a physical
system” but also as ”a mathematical system”.
In the very beginning, we have only the ”background” - the quantum 4-dimensional
Minkowski space-time with the force-fields SUc(3) × SUL(2) × U(1)SUf (3) gauge-group
structure built-in from the outset. The complex scalar fields Φ(1, 2) (Standard-Model
Higgs), Φ(3, 1) (purely family Higgs), and Φ(3, 2) (mixed family Higgs) enter to make
the gauge bosons massive; all other complex scalar fields, due to lack of ”relatives”, are
self-repulsive and thus do not exist.
The matter exists in the linear form of the basic Einstein relation E2 = ~p 2+m2. Thus,
the solutions of the Dirac equations become the only acceptable forms of matter. This
apply to every form of matter, including the leptons (such as electrons and neutrinos) and
the quarks.
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To be more specific, in the 4-dimensional Minkowski space-time, what is the behavior
of a complex scalar field φ(x)? A complex scalar field would have the following Lagrangian:
L = −(∂µφ)†∂µφ− {m2φ†φ+ λ(φ†φ)2}, (1)
with the last two terms defining the minus of the potential, −V (x).
λ has to be positive to stabilize the system. In only the 4-dimensional Minkowski space-
time, λ is dimensionless - it must be a universal constant independent of the field itself, or,
it is a characteristic of the 4-dimensional Minkowski space-time. We suspect that λ = 18 ,
although at present we do not know how to prove this basic aspect.
A positive λ means that this self-interaction is repulsive, and so it cannot exist by itself.
Note that, when the temperature is high enough (like in the early Universe), the mass term
becomes irrelevant (i.e., very small by comparison).
Thus, the lagrangian for the single complex scalar field φ is fixed (is given) except that
the mass term could be adjusted, ”fixed” in the 4-dimensional Minkowski space-time. The
complex scalar field φ is self-repulsive and cannot exist.
That is why we must introduce the related complex scalar fields Φ(3, 2) (mixed family
Higgs) and Φ(3, 1) (purely family Higgs) to lower the energy and to make the entire story.
(In the notations, the first number refers to SUf (3) while the second for SUL(2).) This is
the story on the origin of mass [2].
It is just right to have the three Higgs fields, and only the three, - Φ(1, 2) (the Standard-
Model Higgs), Φ(3, 2) (mixed family Higgs), and Φ(3, 1) (purely family Higgs) - to make
the family gauge bosons all massive and to make the proper room for neutrino oscillations.
Our world is the (quantum) 4-dimensional Minkowski space-time and the structure, the
group structure, is the SUc(3) × SUL(2) × U(1) × SUf (3). It means that every object has
the designated group property and it transforms in a certain way under the 4-dimensional
Lorentz group. As the nature is described by the Standard Model, every object should have
the designated group and Lorentz group transformation properties.
The three ”related” Higgs, being the complex scalar fields, act as the systems of energies,
self-interacting (and dimensionless) via λ(φ†φ)2 and interacting equivalently with other
Higgs. We conclude [2] that these related three Higgs interact attractively with a universal
λ. When the temperature is low enough, it becomes the ”mass” phase, or the phase in
which the particles have masses.
2 The Quark World
In the Standard Model [3], we live in the quantum 4-dimensional Minkowski space-time
with the force-field gauge-group structure SUc(3)× SUL(2)× U(1)× SUf (3) built-in from
the outset. This is what we call ”the background”.
Then, what is the quark world? The quark world is a world of matter form, thus of
the type of Dirac equations. It claims a rather small length scale, of about 10−13cm. The
strong-interaction nature of SUc(3) explains such small size. The color SUc(3) gauge fields
are already classified as part of ”the background” - the quarks of three colors and of six
flavors are building blocks of matter for the quark world. The quark world knows the gauge
group SUc(3)× SUL(2)× U(1), but not SUf (3) – the so-called (123) symmetry.
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The quark world knows color SUc(3) well - the strong interaction that acts in the range
of fermi’s (i.e., 10−13 cm). Everything larger than a few fermi would eventually cut off the
influence of the strong interaction, unless some special arrangements are given (by the God).
The lepton world is very similar except that the scale is much bigger, at the atomic
scale, or 10−8 cm. But it does not know the color SUc(3), except indirectly.
”Our world” is the combination of the background, the quark world, and the lepton
world - so, it is quite complicated but in fact all of them are (quantum) point-like particles.
Amazingly, they could be represented as a branch of mathematics - or, relativistic quantum
mechanics and quantum field theory [4].
The decomposition of the Standard Model could make our thoughts much clearer,
eventually to adopt a language which is precise [5]. Such as: we live in the (quantum)
4-dimensional Minkowsi space-time with the force-fields gauge-group structure SUc(3) ×
SUL(2)×U(1)× SUf (3) built-in from the outset - as the ”background” of our world. This
background supports the quark world. For some reason, it also supports the lepton world.
In introducing the family concept as a gauge group, we regard [6] ((ντ , τ)L, (νµ, µ)L, (νe, e)L)
(columns) (≡ Ψ(3, 2)) as the SUf (3) triplet and SUL(2) doublet. It is essential to complete
the (extended) Standard Model [3] by working out the Higgs dynamics in detail [2]. It is
also essential to realize the role of neutrino oscillations - it is the change of a neutrino in
one generation (flavor) into that in another generation; or, we need to have the coupling
ihΨ¯L(3, 2)×ΨR(3, 1)·Φ(3, 2), exactly the coupling introduced by Hwang and Yan [6]. Then,
it is clear [3] that the mixed family Higgs Φ(3, 2) must be there. The remaining purely fam-
ily Higgs Φ(3, 1) helps to complete the picture, so that the eight gauge bosons are massive
in the SUf (3) family gauge theory [7].
Thus, we see SUf (3) in the lepton world but it seems that the quark world does not see
SUf (3) at all. Maybe in the quark world the SUf (3) forces are much too feeble than the
SUc(3) forces.
Another point might be critical. In the quark world, we cannot get a hand on the mass
of an individual quark, because we cannot see an isolated quark. So, the issue might be
how, for us, to reach the meaning of ”mass” for a composite system, such as a three-quark
system, the quark-antiquark system, etc.
Remember that the story is pretty much fixed if the so-called ”gauge-invariant deriva-
tive”, i.e. Dµ in the kinetic-energy term −Ψ¯γµDµΨ, is given for a given basic unit [4]. It
seems that this aspect is as fundamental as the Einstein relation, E2 = ~p2 +m2.
Thus, we have, for the up-type right-handed quarks uR, cR, and tR,
Dµ = ∂µ − igcλ
a
2
Gaµ − i
2
3
g′Bµ, (2)
and, for the rotated down-type right-handed quarks d′R, s
′
R, and b
′
R,
Dµ = ∂µ − igcλ
a
2
Gaµ − i(−
1
3
)g′Bµ. (3)
On the other hand, we have, for the SUL(2) quark doublets such as (uL, d
′
L),
Dµ = ∂µ − igcλ
a
2
Gaµ − ig
~τ
2
· ~Aµ − i1
6
g′Bµ. (4)
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That is, we are using d′R, d
′
L, etc., consistently. In the quark world, the down-type
quarks are always rotated - that means that the so-called GIM are always there.
The mass term from the old Standard-Model way is given by
Lm = −G1{d¯′RΦ†(1, 2)Q1,L + h.c.} −G′1{s¯′RΦ˜†(1, 2)Q1,L + h.c.}
−G2{s¯′RΦ†(1, 2)Q2,L + h.c.} −G′2{c¯RΦ˜†(1, 2)Q2,L + h.c.}
−G3{b¯′RΦ†(1, 2)Q3,L + h.c.} −G′3{t¯RΦ˜†(1, 2)Q(3, L) + h.c.}. (5)
Note that the six couplings G1,2,3 and G
′
1,2,3 in principle can be adjusted. The unitary
mixings, the so-called GIM mechanism, for the down-type quarks helps to forbid the weak
neutral current, at the expense of introducing peculiar cross-mass terms. How to detect
these ”peculiar” interactions through the SM Higgs studies would be something of impor-
tance and urgency.
Assuming that the u and d be massless (G1 ∼ G′1 ∼ 0), we have to assume four
parameters (couplings) to generate four masses. It seems possible to take m(t)/m(b) =
m(c)/m(s), so then there is some (hidden) symmetry.
In general, the rotation among the down-type quarks means that there are off-diagonal
masses such as mds, etc. In fact, this is something which we cannot avoid, because G1, G2,
and G3 are three different mass parameters.
In any event, we so far cannot say too much for the ”individual” quark masses for the
quark world. It seems that the GIM mechanism, while cutting of the neutral weak currents,
introduces the off-diagonal mass terms, in a more hidden part of the story.
3 The Lepton World
We could follow the following logic in reaching the global picture. Neutrino oscillations tell
us that there exists an interaction, such as iΨ¯L × ΨR · Φ, where the scalar field and the
left-handed and right-handed fermions are SUf (3) triplets. We know that the left-handed
fermion has to be the doublet under SUL(2) - that pushes the scalar field Φ also an doublet
under SUL(2). Thus, we have an interaction of the form, iΨ¯L(3, 2)×ΨR(3, 1) ·Φ(3, 2)+h.c..
Since we put all six objects as a representation in the group, we agree that all these
objects are point-like Dirac particles - not the mixture of Dirac particles and Majorana par-
ticles. Moreover, particles of the second or third generation must be of the same character-
istics as the particles of the first generation. All these are the group theory in mathematics
- we physicists sometime forget the mathematics ABC.
Of course, we are too far in proving experimentally that these neutrinos are also point-
like Dirac particles. The regularities, or the symmetries, sort of give us the confidence in
all this regarding the Standard Model.
In the lepton world, we introduce the family triplet, (νRτ , ν
R
µ , , ν
R
e ) (column), under
SUf (3). Since the minimal Standard Model does not see the right-handed neutrinos, it
would be a natural way to make an extension of the minimal Standard Model. Or, we have,
for (νRτ , ν
R
µ , ν
R
e ),
Dµ = ∂µ − iκλ¯
a
2
F aµ . (6)
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and, for the left-handed SUf (3)-triplet and SUL(2)-doublet ((ν
L
τ , τ
L), (νLµ , µ
L), (νLe , e
L))
(all columns),
Dµ = ∂µ − iκλ¯
a
2
F aµ − ig
~τ
2
· ~Aµ + i1
2
g′Bµ. (7)
The right-handed charged leptons form the triplet ΨCR(3, 1) under SUf (3), since it were
singlets their common factor Ψ¯L(3¯, 2)ΨR(1, 1)Φ(3, 2) for the mass terms would involve the
cross terms such as µ→ e.
The neutrino mass term assumes the unique form:
i
h
2
Ψ¯L(3, 2) ×ΨR(3, 1) · Φ(3, 2) + h.c., (8)
Here the Higgs field Φ(3, 2) is the mixed family Higgs, because it carries some nontrivial
SUL(2) charge. In fact, the charged part of Φ(3, 2) does not experience the spontaneous
symmetry breaking (SSB), as worked out explicitly in [2].
We wish to note, again, that, for charged leptons, the Standard-Model choice is Ψ†(3¯, 2)ΨCR(3, 1)Φ(1, 2)+
c.c., which gives three leptons an equal mass. But, in view of that if (φ1, φ2) is an SU(2)
doublet then (φ†2,−φ†1) is another doublet, we could form Φ˜†(3, 2) from the doublet-triplet
Φ(3, 2).
i
hC
2
Ψ¯L(3, 2) ×ΨCR(3, 1) · Φ˜†(3, 2) + h.c., (9)
which gives rise to the imaginary off-diagonal (hermitian) elements in the 3×3 mass matrix,
so removing the equal masses of the charged leptons.
In the quark world, the GIM mechanism via the down-type quark mixings, such as
Eq. (5) in the previous section, seems to explain the quark masses - with the six couplings
G1,2,3 and G
′
1,2,3. In contrast, the lepton world has only two couplings h and h
C , controlling
the neutrinos and the charged leptons - h would be very small in light of the tiny neutrino
masses, and hC about the τ or µmass. For both the quark world and the lepton world, these
are dimensionless couplings; the same for the force-fields SUc(3)×SUL(2)×U(1)×SUf (3)
built-in from the outset gauge-group structure.
Because everything is dimensionless, it has to do with the 4-dimensional Minkowski
space-time; it has nothing to do with the individual fields. Hence, this story is absolutely
beautiful - the act of the Einstein relation and of its Dirac’s linearization in the quantum
4-dimensional Minkowski space-time.
4 Uniqueness of the Background
In our publication on ”The Origin of Mass” [2], we realize that, before the spontaneous
symmetry breaking (SSB), the Standard Model does not contain any parameter that is
pertaining to ”mass”, but, after the SSB, all particles in the Standard Model acquire the
mass terms as it should - a way to explain ”the origin of mass”. In this way, we sort of tie
”the origin of mass” to the effects of the SSB, or the generalized Higgs mechanism.
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That sets the unique stage for the dimensionless interaction λ(φ†φ)2 in the 4-dimensional
Minkowski space-time. And we have the three Higgs fields and the (elusive) purely family
Higgs Φ(3, 1) may work as the ”ignition” channel.
Thus, we have to have the various Higgs at our disposal, but not too many in view of
”minimum Higgs hypothesis” or the repulsive nature of these scalar fields. In the model [3],
we have the Standard-Model Higgs Φ(1, 2), the purely family Higgs Φ(3, 1), and the mixed
family Higgs Φ(3, 2), with the first label for SUf (3) and the second for SUL(2). We need
another triplet Φ(3, 1) since all eight family gauge bosons are massive [7].
In another arXiv paper [5], we try to introduce the joint-group space, ”SUc(3)×SUL(2)×
U(1)×SUf (3) Minkowski space-time”, in the effort of trying to find out what would be the
constraints on the complex scalar fields. First of all, we have to recognize the special impor-
tance of the dimensionless interaction λ(φ†φ)2, the only pure number λ for the 4-dimensional
low-spin fields. We find λ = 18 , without knowing the underlying reason. Secondly, those
unrelated complex fields could be described by λ(φ†aφa + φ
†
bφb)
2 (with a 6= b), through a
repulsive interaction. Thus, we can write an ”attractive” interaction, (φ†a ·φb) · (φ†b ·φa), for
only those related complex fields. We use this to understand the origin of mass [2].
Let us write down the terms for potentials among the three Higgs fields, subject to (1)
that they are renormalizable, and (2) that symmetries are only broken spontaneously (the
Higgs or induced Higgs mechanism). We write [4, 3]
V = VSM + V1 + V2 + V3, (10)
VSM = µ
2Φ†(1, 2)Φ(1, 2) + λ(Φ†(1, 2)Φ(1, 2))2 (11)
V1 = M
2Φ†(3¯, 2)Φ(3, 2) + λ1(Φ
†(3¯, 2)Φ(3, 2))2
+ǫ1(Φ
†(3¯, 2)Φ(3, 2))(Φ†(1, 2)Φ(1, 2)) + η1(Φ
†(3¯, 2)Φ(1, 2))(Φ†(1, 2)Φ(3, 2))
+ǫ2(Φ
†(3¯, 2)Φ(3, 2))(Φ†(3¯, 1)Φ(3, 1)) + η2(Φ
†(3¯, 2)Φ(3, 1))(Φ†(3¯, 1)Φ(3, 2))
+(δ1iΦ
†(3, 2) × Φ(3, 2) · Φ†(3, 1) + h.c.), (12)
V2 = µ
2
2Φ
†(3¯, 1)Φ(3, 1) + λ2(Φ
†(3¯, 1)Φ(3, 1))2
+(δ2iΦ
†(3, 1) · Φ(3, 1) × Φ†(3, 1) + h.c.)
+λ′2Φ
†(3¯, 1)Φ(3, 1)Φ†(1, 2)Φ(1, 2), (13)
V3 = (δ3iΦ
†(3, 2) · Φ(3, 2) × (Φ†(1, 2)Φ(3, 2)) + h.c.)
+(δ4i(Φ
†(3, 2)Φ(1, 2)) · Φ†(3, 1) × Φ(3, 1) + h.c.)
+η3(Φ
†(3¯, 2)Φ(1, 2)Φ(3, 1) + c.c.). (14)
In the U-gauge, we choose to have
Φ(1, 2) = (0,
1√
2
(v+η)), Φ0(3, 2) =
1√
2
(u1+η
′
1, u2+η
′
2, u3+η
′
3), Φ(3, 1) =
1√
2
(w+η′, 0, 0),
(15)
all in columns. The five components of the complex triplet Φ(3, 1) get absorbed by the
SUf (3) family gauge bosons and the neutral part of Φ(3, 2) has three real parts left -
together making all eight family gauge bosons massive.
Before the mixing, the masses of the various Higgs are given by
η : (µ2/λ) + 14 (ǫ1 + η1)uiui +
λ′
2
4 w
2,
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η′ : (µ22/λ2) +
ǫ2
4 uiui +
η2
4 u
2
1 +
λ′
2
4 v
2,
η′1 : M
2 + 14 (ǫ1 + η1)v
2 + 14(ǫ2 + η2)w
2 + (λ1 − term),
η′2,3 : M
2 + 14(ǫ1 + η1)v
2 + ǫ24 w
2 + (λ1 − term),
φ1 : M
2 + 12ǫ1v
2 + 12ǫ2w
2 + 12η2w
2 + λ12 uiui,
φ2,3 : M
2 + 12ǫ1v
2 + 12ǫ2w
2 + λ12 uiui. (16)
The mixing term looks like, apart from some common factor:
2(ǫ1 + η1)uiη
′
ivη + 2ǫ2uiη
′
iwη
′ + 2η2u1η
′
1wη
′ + 2λ′2wη
′vη. (17)
For the sake of simplicity, we will neglect the mixing (and the mixing inside η′1,2,3) in
this paper. To work out on ”the origin of mass”, we would drop out all ”mass” terms to
begin with.
In treating the problem with the renormalization group (RG) equations, we realize that,
even though to begin withwe set all the mass terms to zero, they would climb back so easily
in the case of the complex scalar fields - as judged by the RG flow diagrams. This is why
have to analyze different problems from a general lagrangian as in [3].
Basically, we can write down a general renormalizable lagrangian. But .... Because
of three ”cooperative” complex scalar Higgs fields, because of a universal λ, and because
of only one ”ignition” point, the real lagrangian becomes rather simple [2]. It seems that
lambda (= 18) does not subject to renormalization, owing to that it is determined by the
4-dimensional Minkowski space-time, not by the complex scalar fields themselves.
Let us illustrate typical results of [2]. We begin with [2]
VHiggs = µ
2
2Φ
†(3, 1)Φ(3, 1) + λ(Φ†(1, 2)Φ(1, 2) + cosθPΦ
†(3, 2)Φ(3, 2))2
+λ(−4cosθP )(Φ†(3¯, 2)Φ(1, 2))(Φ†(1, 2)Φ(3, 2))
+λ(Φ†(3, 1)Φ(3, 1) + sinθPΦ
†(3, 2)Φ(3, 2))2 + λ(−4sinθP )(Φ†(3¯, 2)Φ(3, 1))(Φ†(3, 1)Φ(3, 2))
+λ′2Φ
†(3¯, 1)Φ(3, 1)Φ†(1, 2)Φ(1, 2) + (terms in iδ′s and in decay). (18)
These are two prefect squares minus the other extremes, to guarantee the positive definite-
ness, when the minus µ22 was left out. (θP may be referred to as ”Pauchy’s angle”.)
From the expressions of uiui and v
2, we obtain
v2(3cos2θP − 1) = sinθP cosθPw2. (19)
And the SSB-driven η′ yields
w2(1− 2sin2θP ) = −µ
2
2
λ
+ (sin2θP − tanθP )v2. (20)
These two equations show that it is necessary to have the driving term, since µ22 = 0 implies
that everything is zero. Also, θ = 45◦ is the (lower) limit.
The mass squared of the SM Higgs η is 2λcosθPuiui (noting the factor of two), as known
to be (125 GeV )2. The famous v2 is the number divided by 2λ, or (125 GeV )2/(2λ). Using
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PDG’s for e, sin2θW , and the W -mass [11], we find v
2 = 255 GeV . So, we set λ = 18 , a
simple model indeed.
The mass squared of η′ is −2(µ22 − sinθPu21 + sinθP (u22 + u23)). The other condensates
are u21 = cosθP v
2 + sinθPw
2 and u22,3 = cosθP v
2 − sinθPw2 while the mass squared of η′1 is
u21λ, those of η
′
2,3 be u
2
2,3λ. The mixings among η
′
i themselves are neglected in the paper.
There is no SSB for the charged Higgs Φ+(3, 2). The mass squared of φ1 is λ(cosθP v
2−
sinθPw
2) + λ2uiui while φ2,3 be λ(cosθP v
2 + sinθPw
2) + λ2uiui.
A further look of these equations tells that 3cos2θP − 1 > 0 and 2sin2θP − 1 > 0. A
narrow range of θP is allowed (greater than 45
◦ while less than 57.4◦, which is determined by
the group structure). For illustration, let us choose cosθ0 = 0.6 and work out the numbers
as follows: (Note that λ = 18 is used.)
6w2 = v2, −µ22/λ = 0.32v2;
η : m2(η) = (125GeV )2, v2 = (250GeV )2;
η′ : m2(η′) = (51.03GeV )2, w2 = v2/6;
η′1 : m
2(η′1) = (107GeV )
2, u21 = 0.7333v
2 ;
η′2,3 : m
2(η′2,3) = (85.4GeV )
2, u2,3 = 0.4667v
2;
φ1 : mass = 100.8GeV ; φ2,3 : mass = 110.6GeV. (21)
All numbers appear to be reasonable. Since the new objects need to be accessed in the
lepton world, it would be a challenge for our experimental colleagues.
As for the range of validity, 13 ≤ cos2θP ≤ 12 . The first limit refers to w2 = 0 while the
second for µ22 = 0.
We may fix up the various couplings, using our common senses. The cross-dot products
would be similar to κ, the basic coupling of the family gauge bosons. The electroweak
coupling g is 0.6300 while the strong QCD coupling gs = 3.545 (order of unity); my first
guess for κ would be about 0.1 (which is rather small). The masses of the family gauge
bosons would be estimated by using 12κ ·w, so slightly less than 10GeV . (In the numerical
example with cosθP = 0.6, we have 6w
2 = v2 or w = 102 GeV . This gives m = 5 GeV
as the estimate.) So, the range of the family forces, existing in the lepton world, would be
0.04 fermi.
In [2], the term that ignites the SSB is chosen to be with η′, the purely family Higgs.
This in turn ignites EW SSB and others. It explains the origin of all the masses, in terms
of the spontaneous symmetry breaking (SSB). SSB in Φ(3, 2) is driven by Φ(3, 1), while
SSB in Φ(1, 2) from the driven SSB by Φ(3, 2), as well. The different, but related and each
self-repulsive, complex scalar fields can accomplish so much, to our surprise. And these
Higgs are exactly those the gauge fields (i.e., the force-fields) are calling for.
We also encounter one non-renormalization theorem of some sort - the λ determined
in fact by the 4-dimensional Minkowski space-time, not by the complex scalar fields them-
selves. When the 4-dimensional Minkowski space-time is given, the λ is fixed (λ = 18?) - a
remarkable result!! How this couples with the non-renormalization theorem and all those
ultraviolet divergences is one of the next critical questions to answer.
This ”uniqueness” in the determination of the λ means that the choice of the potential
is unique [2] and so the Standard Model is unique. The angle θP is the only unknown. It
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also has the tremendous implication for the ultraviolet divergences, which we proceed to
discuss in the next section.
5 Maybe a way to deal wit ultraviolet divergences?
”Is it a consistent and complete theory?” It is very difficult question to ask, but we have
to ask and try to answer. Does the sum of all ultraviolet divergences of given order give
rise to some finite sensible number or zero? If we look at a specific diagram, such as the
self-energy diagram in Ch. 10 of [4], ultraviolet divergence is certainly there - the issue that
troubled all famous theoretical physicists for the entire 20th Century. Maybe in the 21st
Century, there might be some breakthroughs that would decide whether the quantum field
theory would be here to stay.
We have been rather persistent in addressing this question - in the origin of mass [2],
we ask this question because we are not so sure if this solution for the origin of mass is true
or not (despite all the beautiful numbers); in a precise definition of the Standard Model
[5], tests on the complete theory were discussed; and, early on, the fine-tuning problem for
introducing super-symmetry particles [8] was raised.
One general feeling that we have gained through these exercises is that we may be doing
the wrong things. The causal iǫ prescriptions, when combined and manipulated further, do
not always give rise to infinities (ultraviolet divergences); rather, it involves specification
of poles and residues in the complex energy plane. Our knowledge on a powerful complex
analysis, which still do not exist, is rather limited. And our physics knowledge on the
complex nature of energy and of time is not there, either.
As examples, we could try to use the procedure that this ”infinities” problem be handled
by using the dimensional regularization in the U-gauge. Nevertheless, we are not so sure
that the answers obtained in this way would stand out. We suspect not, sine the causal iǫ
prescriptions are ignored in the dimensional regularization.
The other important suspicion comes from the statement that the pure number λ (= 18 )
is the characteristic of the 4-dimensional Minkowski space-time, a number that should be
non-renormalized - the so-called ”nonrenormalization theorem”. But if we calculate the
loop diagrams we will often obtain infinities. So, we have to re-formulate the results to
make sense out of the results.
Let’s assume the 3 + 1 two-triplet scenario (i.e., the standard picture) that the vacuum
expectation values (and the corresponding real Higgs) occur for the three components of
Φ0(3, 2) and the first component of Φ(3, 1) and the remaining eight make the massive SUf (3)
family gauge bosons. Note that the terms in δ2 and in δ4 vanish completely. Thus, we may
draw the diagrams for the wave-function renormalizations for the Standard-Model Higgs,
the mixed family Higgs, and purely family-triplet Higgs, respectively, by Fig. 1, Fig. 2, and
Fig. 3. Here in these figures, we try to show only the Higgs sectors; in a complete Standard
Model, the (Dirac) fermion loop diagrams also present divergences of quadratic order and
should be dealt with simultaneously. Similarly for the loops involving gauge bosons.
In Fig. 1, the wave-function renormalization of the Standard-Model Higgs Φ(1, 2) is
shown, for simplicity, in the U-gauge in the absence of Dirac fermions. The lowest-order
loop diagrams, from the above interaction lagrangian, are shown from 1(b) [in λ] to 1(g)
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Figure 1: The within-Higgs diagrams for the Standard-Model Higgs Φ(1, 2).
[in η3], where the first five are of quadratic divergence while the last one of logarithmic
divergence. The higher-order connected loop diagrams, many of them and also of quadratic
divergence, are also troublesome and should be dealt with at the same time. We will discuss
the worst divergent, i.e., the quadratic divergent, cases in what follows.
Using dimensional regularization (i.e. the appendix of Ch. 10, the Wu-Hwang book,
Ref. 3), we could write down the one-loop results:
We try to use one explicit example to illustrate our point related to the infinities - the
quadratic divergences of the wave function of the SM Higgs η. We may draw the diagrams
for the wave-function renormalizations for the Standard-Model Higgs, the mixed family
Higgs, and purely family-triplet Higgs, respectively. The result for the Standard-Model
Higgs is shown by Fig. 1. Here, in Fig. 1, we try to show only the Higgs sectors themselves;
in a complete Standard Model, the (Dirac) fermion loop diagrams, and those with gauge
bosons, also present divergences of quadratic order and should be dealt with simultaneously.
We don’t know if the procedure is right or not. But it is interesting to know that the
formulae in dimensional regularization work and that in fact it works in the U-gauge. For
example, the Z0 − boson loop for Fig. 1 would give us the vanishing result - so, it does not
bother us.
In details, the coupling of the SM Higgs is ([4], e.g., Wu/Hwang, Ch. 13)
− 1
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(v2 + 2vη + η2){2g2W+µ W−µ + [g2 + (g′)2]Z0µZ0µ}, (22)
which gives rise to, to the first order, the one-loop W± or Z0 diagram. To evaluate them,
we use the propagator in the U-gauge (see the appendix of Ch. 13) and the formulae in the
dimensional regularization (see the appendix of Ch. 10). They cancel between two terms
for each diagram.
To proceed, we examine those diagrams in Fig. 1 which are ”simple” quadratically
divergent - those at the one-loop order. These are among the various Higgs.
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In Fig. 1, we show the wave-function renormalization of the Standard-Model Higgs
Φ(1, 2), among the Higgs, in the U-gauge. The lowest-order loop diagrams, from the above
interaction lagrangian, are shown from 1(b) [in λ] to 1(g) [in η3], where the first five are
of quadratic divergence while the last one of logarithmic divergence. The higher-order con-
nected loop diagrams, many of them and of quadratic divergence multiplied by logarithmic
divergences, are also troublesome.
The one-loop diagrams involving the quark (or charged lepton), when simplified, are
sums of quadratic and logarithmic divergences.
Using dimensional regularization (i.e. the appendix of Ch. 10, the Wu-Hwang book, Ref.
[4]), we obtain the one-loop and quadratic-divergence results as follows. In the dimensional
regularization, the factor Γ(1−n2 ) stands for where the quadratic divergence appears. Maybe
the fractional dimensions, which are represented as finite numbers, could get some meaning,
but we have to remember that, as a drawback, we bypass the −iǫ in the propagators.
In follows, we concentrate only on those ultraviolet divergences of quadratic order:
−4 · n2 · (Sq + Sc.l.)Γ(1− n2 )
+{3λm2(η) + ǫ12
∑
im
2(η′i) + ǫ1
∑
im
2(φi)
+
λ′
2
2 m
2(η′) + η12
∑
im
2(η′i)}Γ(1 − n2 ) ∼ 0; (23)
Sq =
∑
quarks 3 ·G2i · (m2i − 16m2(η)),
Sc.l. =
∑
c.l.G
2
i · (m2i − 16m2(η)). (24)
Or, using the Standard Model, we have
−4 · n2 · (Sq + Sc.l.)Γ(1− n2 )
+{λ(3m2(η)− cosθP
∑
im
2(η′i) + 2cosθP
∑
im
2(φi)) +
λ′
2
2 m
2(η′)}Γ(1− n2 ) ∼ 0. (25)
Here we should give a few words about ”∼ 0”. Since in the dimensional regularization one
ignores the causal iǫ prescriptions altogether, the presumed ”cancelations” also may be lost.
Basically, we first focus our attention only on the quadratic divergences, since these are
”the highest divergences” in the lowest loops - relatively easy to ”collect” and the most
important divergences altogether; if we cannot do anything about them, then the game is
over.
Here the coefficients of Γ(1− n2 ) are the coefficients of quadratic divergences while those
of Γ(2− n2 ) are the coefficients of logarithmic divergences - for the latter, divergence is less
severe and the contributions could be everywhere. The dimensional regularization does help
us to get something useful, if they are useful.
Figs. 2 and 3 show the wave-function renormalizations of family Higgs Φ(3, 2) and
Φ(3, 1) with pretty much the same story. They are coupled altogether. Here the quarks
do not enter at all but the off-diagonal elements in the lepton world might cause some
problems.
On Figs. 2, we have for η′1, again for quadratic divergences,
−4 · n2 · TleptonΓ(1− n2 )
+{3λ1m2(η′1) + ...(mixed) + ǫ1+η12 m2(η)
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Figure 2: The diagrams for the mixed family Higgs Φ(3, 2).
+ ǫ2+η22 m
2(η′)}Γ(1 − n2 ) ∼ 0; (26)
Tlepton =
∑
H2i · (m2i − 16m2(η′1)).
Here Tlepton is defined in accordance with the curl-dot product in neutrinos or in charged
leptons. Since the sign switch in η1 or in η2, the overall cancelation is always possible.
For the family Higgs η2 and η3 it is easy to duplicate the results. Note that the charged
scalar fields, i.e. the charged part of Φ(3, 2), do play some roles in this game.
On Figs. 3, we have for η′, also for quadratic divergences,
{3λm2(η′) + ǫ2+η22
∑
im
2(η′i) + ǫ2
∑
im
2(φi)}Γ(1 − n2 ) ∼ 0.
(27)
We note that the term in η2 could cancel the other two - in hoping to make complete the
cancelation.
Here in the last two equations we need to examine whether the loops in the family gauge
bosons would make the contributions for the problem of quadratic divergences - for the sake
of the overall cancelation. Again, we note the meaning that should be attached to ∼ 0.
The diagrams which are of quadratic divergence are troublesome since, as shown in Fig.
4, the series could be blown-up, of 2n-th divergence with n → ∞. Mathematically, we
should avoid such terms by all means. Well, some of these ”strange” things occur in higher
orders in the dimensional regularization.
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Figure 3: The diagrams for the purely family Higgs Φ(3, 1).
We are hinting also that we have to study the mathematics of ”divergences”; maybe
they are there, because of the uncountably infinite degrees of freedom and other reasons,
and there are regularities to be discovered [8].
To the one-loop order, Fig. 1, plus fermion one-loops, gives rise to the results for
quadratic divergences. As pointed out earlier, numerous two loops and high-order loops
also give rise to quadratic divergences (and logarithmic divergences as the residual). In per-
turbation series, λni , (n = 2 or larger), would make finite terms smaller, or even negligible,
but the divergent terms infinite. We are not so sure that the conjecture of cancelation [8]
can be proved - all quadratic divergences cancel out (noting that this is more important)
and logarithmic divergences also cancel out (meaning that we are back in treating a finite
theory). Note that we do not believe that the dimensional regularization is the way to go,
as far as the cancelation theorem is concerned.
In fact, we notice further that, according to dimensional-regularization results, the three-
loop diagram gives rise to (quadratic divergence) × (logarithmic divergence), and so on.
They have to be organized differently. One simple way out is that they cancel completely
in their own group, such as all the four-loop diagrams.
To summarize from Figs. 1-4 and the corresponding results from the dimensional reg-
ularization, we do obtain some useful results, judging from the extremely difficult tasks
associated with ”ultraviolet divergences”. But this is obviously not the whole story, since,
as said earlier, the dimensional regularization does not give the causal results - the so-called
iǫ results.
In the above, the cancelations for the results indicated by ”∼ 0” are in fact not there.
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Figure 4: The blow-up diagrams which are repetitive in quadratic divergences.
We go in length about the ”wrong” (or, maybe wrong,) infinite results, mainly because we
need to eventually find a better (right) way. In search of the ”right” physics, we have to
put everything together and try to sort out of the right part of the story.
In fact, the iǫ causal prescriptions specify the poles in complex analysis - if we are honest
about them, some of infinities might not be ”infinities” any longer. In the dimensional
regularization, we ignore the causal iǫ prescriptions altogether; we might have to come
back to Pauli-Villars regularization or others [4] but select more physically what needs to
be subtracted (and to be understood in the physics-wise sense). In the 21st Century, this
should be one of the main tough tasks in quantum field theory.
Maybe at this juncture we should speculate a little more on this causal iǫ prescription. In
the simplest cases, it gives us the propagators. Everything should be in the sense of complex
analysis (mathematics) and, to deal with, there are integrals of products of propagators.
Beside Cauchy’s theorem, we need many more comprehensive theorems in complex analysis
to play with. (We still do not have any of these theorems, yet.) Physics-wise, our endless
attempts seem to extend the energy, or the time, to become a complex variable. Maybe
what we try to do is not something infinite - rather an illusion of the complex variables
viewed as some real energy, or as some real time.
So, the dimensional regularization, Pauli-Villars, etc. [4], efforts of the 20th Century
might have missed the point - the time or the energy of our world is complex, truncated
as though it is real to us. Hopefully, we could begin the 21st Century with the eyes of
completely new visions - after all, we declare that we live in the quantum 4-dimensional
Minkowski space-time with the force-fields SUc(3)× SUL(2)× U(1)× SUf (3) gauge-group
structure built-in from the very beginning.
6 Some Insights in Physics
One way to verify the Standard Model is the experimental search for the family Higgs η′1,
or η′2,3, or charged family Higgs φ
+
1 and φ
+
2,3, or pure family Higgs η
′, in a 200GeV e−e+
collider, since these family particles can only be accessed in the lepton channels. Maybe it
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was a little early to shut down the LEP-II operations at CERN.
The active search is through ”the family collider [9]”, of a µ∓e± collider, since two
generations of leptons must be simultaneously involved in the search of family Higgs η′1.
The technology might be not quite ready in developing the ”unstable” µ± beams; thus, the
option of the e−e+ collider in this study should be there.
The implication of the family gauge theory is in fact a multi-GeV or sub-sub-fermi gauge
theory - the leptons are shielded from this SUf (3) theory against the QED Landau’s ghost.
An active search of this force clearly should be encouraged. The g − 2 anomaly should
certainly deserve another serious look in this context.
In all the Standard Model, the GIM mechanism in fact makes the masses of down-type
quarks off-diagonal, even though quarks are the singlets in the SUf (3) space. Under SUf (3),
the masses of the three charged leptons are m0 + aλ2 + bλ5 + cλ7 (before diagonalization)
while the masses of neutrinos are purely off-diagonal, i.e. a′λ2 + b
′λ5 + c
′λ7. This result
is very interesting and very intriguing. How to develop a formalism with the off-diagonal
masses should be the important task of all the theoretical physicists [10].
This result follows from the above curl-dot product, or, the ǫabcΨ¯L,aΨR.bΦc product, i.e.
the SUf (3) operation, in writing the coupling(s) to the right-handed lepton triplets. In fact,
we have a′/a∗ = b′/b∗ = c′/c∗ for the coupling strengths. QCD is also SU(3) and baryons
are constructed of three triplets of quarks - our studies of SU(3) could go deeper yet.
In addition, neutrinos oscillate among themselves, giving rise to a lepton-flavor-violating
interaction (LFV). There are other oscillation stories, such as the oscillation in the K0−K¯0
system, but there is a fundamental ”intrinsic” difference here - the K0 − K¯0 system is
composite while neutrinos are ”point-like” Dirac particles. We have standard Feymann
diagrams for the kaon oscillations but similar diagrams do not exist for point-like neutrino
oscillations - our proposal solves the problem, maybe in a unique way.
Thinking it through, it is true that neutrino masses and neutrino oscillations may be
regarded as one of the most important experimental facts over the last thirty years [11].
Treating neutrinos as ”point-like” Dirac particles, neutrinos oscillations between different
generations indeed present us some fundamental questions.
In fact, certain LFV processes such as µ→ e+γ [11], µ+A→ A∗+e, e++e− → µ++e−,
etc., are closely related to the most cited picture of neutrino oscillations [11]. In recent
publications [12], it was pointed out that the cross-generation or off-diagonal neutrino-
Higgs interaction may serve as the detailed mechanism of neutrino oscillations, with some
vacuum expectation values of the family Higgs, Φ(3, 1) and Φ0(3, 2). So, even though we
haven’t seen, directly, the family gauge bosons and family Higgs particles, we already see
the manifestations of their vacuum expectation values.
7 Closing Remarks
Everything associated with our Standard Model, except the ”ignition” term, is dimensionless
- all couplings with the force fields (gauge fields), the complex scalar Higgs fields, the quark
world, and the lepton world, all of them are dimensionless. Hence, it is determined by the
quantum 4-dimensional Minkowski space-time.
16
To close this paper, we would like to comment on the ”minimum Higgs hypothesis” and
”Dirac similarity principle”.
In a slightly different context [13], it was proposed earlier (five years ago) that we
could work with two working rules: ”Dirac similarity principle”, based on eighty years of
experience, and ”minimum Higgs hypothesis”, from the last forty years of experience. Using
these two working rules, the extended model mentioned above becomes rather unique - so,
it is so much easier to check it against the experiments. To move forward in building up
our knowledge, there are moments that we have to play conservatively - at this moment,
we introduce the so-called rules.
We have to say that the phenomenon of three generations is one leading puzzle in
particle physics; nowadays, it is safe to add that neutrino oscillations is another puzzle.
To understand these puzzles, we have to admit that the natural consequence is the SUf (3)
family gauge theory - to put everything together, it leads to our Standard Model [3], with
a unique ”generalized” joint Higgs mechanism. These Higgs, if alone, will be self-repulsive
and, if jointly, the mutual attractive forces will keep them there - thus they exist. It is in
accord with the ”minimum Higgs hypothesis”.
Now, we understand [5] that our Space is the SUc(3)×SUL(2)×U(1)×SUf (3) Minkowski
space-time, that can only accommodate the scalar fields φ with a natural-born λ(φ†φ)2
”repulsive” self-interaction only in the exceptional cases (when they could become the lon-
gitudinal components of the gauge field). This explains ”minimum Higgs hypothesis”.
For ”Dirac similarity principle”, it seems rather powerful that the Dirac linearization
of the Einstein’s relation, E2 = ~p 2 + m2, leads to the concept of the spin and also the
concept of the antiparticle. To us, when they are consistent with (123) or another (123),
the ”background” of our world accepts them (the quark world or the lepton world) for free
(without costing the energies). It goes with the quark world and also with the lepton world.
Everything is so perfect, both physically and mathematically.
We may add that, under two working hypotheses, we can close the Universe; that is,
all the dark-matter particles and all the ordinary-matter particles are accounted for. Our
Standard Model provides a description of the entire world - the 25% dark-matter world and
the 5% ordinary-matter world.
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